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Analysis of immune cell and cytokine expression differences in advanced ovarian cancer based on homologous
recombination deficiency status

BAO Qingyue, LU Xiaolan, FENG Weiwei, CUI Xiaojuan’
Department of Obstetrics and Gynecology, Ruijin Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200025,
China

[ Abstract | Objective To analyze the expression differences in immune cells and cytokines in advanced ovarian
cancer with different homologous recombination deficiency (HRD) statuses, and provide insights for novel therapeutic
strategies. Methods A total of 68 patients with International Federation of Gynecology and Obstetrics (FIGO) stage
Il - IV epithelial ovarian cancer, who were treated at Department of Obstetrics and Gynecology, Ruijin Hospital, Shanghai
Jiao Tong University School of Medicine from Jan. 2018 to Jan. 2023, were enrolled. Based on genetic testing results,
patients were stratified into HRD-positive (#=30) and HRD-negative (n=38) groups. Baseline characteristics and clinical
outcomes were compared. The expression levels of CD4, CD8 and CD25 in ovarian cancer tissues of the 2 groups were
analyzed by immunohistochemical staining. The proportions of CD4" T cells, CD8" T cells, and CD4'CD25" regulatory
T cells (Treg cells) and CD4 ' /CD8 " ratio in blood were analyzed by flow cytometry. The serum levels of interferon-y
(IFN-y), interleukin (IL)-2, IL-6 and IL-10 were detected by enzyme-linked immunosorbent assay. Results There were no

significant differences in age, course of disease, family history, initial treatment, tumor FIGO stage, or tumor differentiation
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degree between the HRD-positive group and HRD-negative group (all P>>0.05). In terms of clinical efficacy, the objective
remission rate and disease control rate of patients in the HRD-positive group were significantly higher than those in the HRD-
negative group (both P<<0.05). Compared with the HRD-negative group, the expression levels of CD4, CD8, and CD25
in tumor tissues of patients were all increased in the HRD-positive group (all £<<0.05), the proportions of CD4" T cells,
CD8" T cells, and CD4"CD25" Treg cells in blood were all increased (all P<<0.05), the CD4"/CD8" ratio in blood was
increased (£<<0.05), the serum levels of IL-2, IL-6, and IL-10 were all increased (all P<<0.05), while the serum level of IFN-y
had no significant difference between the 2 groups (£>0.05). Conclusion HRD-positive ovarian cancer displays enhanced
tumor-infiltrating lymphocytes and immunomodulatory cytokine secretion compared to HRD-negative cases, suggesting greater
sensitivity to immunotherapy and better prognosis.
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SEGRIEZE R SHEAME, MARHE: (1) £F
A UNHE IS WIAR e, 95 R4 GRS R R )
WOE R, ELARYE FIGO 2014 4EAR 12011 0 M~ IV
W (2) RIRDIEEREIE>80 405 (3) 4252
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1.3 HRD AR AZLUPHIRE R H Y A B2
HRD EE PRGN, I %5 2% 5 I 1 W) & 45 . PDS 8§
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Jin, CD4"/CD8 " AT, 2RIAGI ¥R (Y KRG WARL M4, 58 TREX 6
P<0.05) o LKW HRD FHVEREWION R BFIE a7 U, PURELT .

%1 HRD PEEF1 HRD BRI £ 98 25 — A B i

Tab1 Comparison of general information between HRD-positive and HRD-negative ovarian cancer patients

Disease Family lfnstory, Initial tr(:atrnent, FIGO stage, 1 (%) Tumor dlﬂirentlatlon,
Agelyear, n (%) n (%) n (%)
Group N Tt course/month, Well
- xxts Yes No PDS IDS I v Poorly
moderately

HRD-positive 30 57.65+9.25 38.73+11.23 4 (13.3) 26 (86.7) 19 (63.3) 11 (36.7) 21(70.0) 9(30.0) 23(76.7) 7(23.3)
HRD-negative 38 55.05+10.48 34.40+10.82 2(5.3) 36(94.7) 18 (47.4) 20 (52.6) 22 (57.9) 16 (42.1) 26 (68.4) 12 (31.6)
Statistic t=1.031 t=1.614 7=1357 7=1.139 7=1.057 21 =0.566

P value 0.718 0.820 0.244 0.286 0.304 0.452

HRD: Homologous recombination deficiency; PDS: Primary debulking surgery; IDS: Interval debulking surgery; FIGO:

International Federation of Gynecology and Obstetrics.

%< 2 HRD PR HRD BAMEUD & B & G R RLL 8

Tab 2 Comparison of clinical efficacy between HRD-positive and HRD-negative ovarian cancer patients

n (%)
Group N PD SD PR CR ORR DCR
HRD-positive 30 5(16.67) 7(23.33) 12 (40.00) 6 (20.00) 18 (60.00) 25 (83.33)
HRD-negative 38 15 (39.47) 13 (34.21) 6 (15.79) 4(10.53) 10 (26.32) 23 (60.53)
X value 6.524 4.200
P value 0.011 0.040

HRD: Homologous recombination deficiency; PD: Disease progression; SD: Stable disease; PR: Partial response; CR: Complete

response; ORR: Objective response rate; DCR: Disease control rate.
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Fig1 Immunohistochemical staining results for CD4, CD8, and CD25 in cancer tissues of
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"P<0.05, "P<0.01. x=*5s. HRD: Homologous recombination deficiency; IOD: Integrated optical density.
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Fig2 Flow cytometry analysis of immune cell levels in blood of HRD-positive and HRD-negative ovarian cancer patients

'P<C0.05, "P<0.01. x+s. HRD: Homologous recombination deficiency; Treg cell: Regulatory T cell.
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Fig3 Cytokine levels in serum of HRD-positive and HRD-negative ovarian cancer patients detected by ELISA

'P<0.05, "P<<0.01. x£s. ELISA: Enzyme-linked immunosorbent assay; HRD: Homologous recombination deficiency; IL:

Interleukin; IFN-y: Interferon-y.
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VEHH BR S8 FR LT IL-10 B ik . ANBFTE &L,
5 HRD BAEZH 40 He, HRD BH: 20 51 590 H 4 17
HIL-10 KTk BRI TR R v 3R 5 5
SRt R AT AHOC, Ao 2 B, 0N SR 2
YR A TR y v R A — e R W Rk, |
B b eE 43 ST 3 I HZR R /KO AT R 23 32 B I
MG I, 5 HRD FIPEZ4 AH L, HRD PH 441 5P
B BFME D TIRR vy KFER TG T8 XL
O S R MR D TR v K AT REZ B 2 Rl
I, IE MR AT HUR IR,
ARAIFFE A [R] HRD AR 2 (4 B 30 B 539 2 35 100375 v
YA IR T8 22 SRR AT 25 SR 478, HRD BH M)
PSR R P S RN T DL R PR BL e s
YRR, i HA wT LA 53 i 4 M P Can T4 =R y
IL-2., IL-6. IL-10 ) 815 g S5 v ) e sie -,
B P AR S pE SN, X AT E & HRD BH: 5P
it RN 2450 SR B SRR SR R 22—

AW SEAE M HTAS ] HRD SR 245 A 6 77 BT 6.9 £
HRPE AL R X 4232 PDS 5 IDS 1R YT I &
PEAT A 2 g, X — R BRI T R TR AR Y R
ffil: HRD BH4:4H PDS 23 fi], IDS 7 i, HRD B4
ZH PDS 32 il . IDS 6 i, #E—4034 4 I
JELIH R G 2E B0, i B Ay T R i s
S PSS (A1 5 i o E AN, — 7 TR Ak Ml ek ik
2> e 651 i S A1 A 40 A A S B T
F— 5 AT WAl BEIS T T ANRAFEMH sl 7 48 454
MBSO Bl e RSB v 75 25 & e il D8 ™ T
AR TIRE . SN L B SRR TR T
LA 2, I, #5452 IDS BY B e 4u i 3
K AT A AR A2 A7 1 TR0 HRD bR 785 4 B0 R0
KT B TR FEA R A AT PER 7 skl i 2
DA VERLREYE, DIdt—2P 50 HRD KA 51097
AR T B A B A HAE I o

gE Lk, AWESEE L 4347 R A HRD RS 1
I3 B B P e A A A R RO R IR E R, &
BE HRD PBH P O S35 £ s 2 20 b A5 o8 22 1) s
YRR, I AR WA BE A S e A 1 Y A
K7, #&7% HRD BH: 5P SL96 825 0T BB 50 R
IR Go E SRS, VX TR P A A 1 S
N DRI, Go e i B AR X G BR A HRD BH % B 4
A T RE O IR AR E . DB HA &
S b, AN S8 1 e 4t L mT e EA AN IR e

JEERIKIE, XM RBERT TR TPk IR
PRI A G A Al R 3R T RE 2 R A SR BE T 1Y)
YRR, AN v sk S G A R N 3R, 5k S e 2 i
AR T A 2 AR AR T 8 H AR A

[& % X #f]

[1] BUECHEL M, HERZOG T J, WESTIN S N, et al.
Treatment of patients with recurrent epithelial ovarian
cancer for whom platinum is still an option[J]. Ann
Oncol, 2019, 30(5): 721-732. DOI: 10.1093/annonc/
mdz104.

[2] YOSHIHARA K, BABA T, TOKUNAGA H, et al.
Homologous recombination inquiry through ovarian
malignancy investigations: JGOG3025 Study[J]. Cancer
Sci, 2023, 114(6): 2515-2523. DOI: 10.1111/cas.15747.

[3] KEKEEVA T, ANDREEVA Y, TANAS A, et al. HRD
testing of ovarian cancer in routine practice: what are
we dealing with?[J]. Int J Mol Sci, 2023, 24(13): 10497.
DOI: 10.3390/ijms241310497.

[4] GHISONI E, IMBIMBO M, ZIMMERMANN 8§, et al.
Ovarian cancer immunotherapy: turning up the heat[J].
Int J Mol Sci, 2019, 20(12): E2927. DOI: 10.3390/
ijms20122927.

[5] LEE J J, KANG H J, KIM S S, et al. Unraveling the
transcriptomic signatures of homologous recombination
deficiency in ovarian cancers[J]. Adv Biol (Weinh),
2022, 6(12): €2200060. DOT: 10.1002/adbi.202200060.

[6] CRESPO J, SUN H, WELLING T H, et al. T cell
anergy, exhaustion, senescence, and stemness in the
tumor microenvironment[J]. Curr Opin Immunol, 2013,
25(2): 214-221. DOLI: 10.1016/§.c01.2012.12.003.

[7] BONADIO R C, DEL PILAR ESTEVEZ-DIZ M.
Perspectives on PARP inhibitor combinations for
ovarian cancer[J]. Front Oncol, 2021, 11: 754524. DOI:
10.3389/fonc.2021.754524.

[8] SHAHZAD M, NACI H, ESSELEN K M, et al.
Regulatory histories of recently withdrawn ovarian
cancer treatment indications of 3 PARP inhibitors in the
US and Europe: lessons for the accelerated approval
pathway[J]. J Pharm Policy Pract, 2024, 17(1):
2351003. DOI: 10.1080/20523211.2024.2351003.

(9] GUO Y, HE X, TAN Y, et al. ShallowHRD status acts
as an effective prognostic predictor in ovarian cancer
patients treated by poly (ADP-ribose) polymerase
inhibitors (PARPis)[J]. J Cancer Res Clin Oncol, 2023,
149(17): 15839-15844. DOI: 10.1007/s00432-023-
05341-6.

[10] FENG Z, SHAO D, CAI Y, et al. Homologous
recombination deficiency status predicts response to

platinum-based chemotherapy in Chinese patients with



° 628

WFELEERFA 2025455 H L5 46 %

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

high-grade serous ovarian carcinoma[J]. J Ovarian Res,
2023, 16(1): 53. DOI: 10.1186/s13048-023-01129-x.
WETHINGTON S L, SHAH P D, MARTIN L, et al.
Combination ATR (ceralasertib) and PARP (olaparib)
inhibitor (CAPRI) trial in acquired PARP inhibitor-
resistant homologous recombination-deficient ovarian
cancer[J]. Clin Cancer Res, 2023, 29(15): 2800-2807.
DOLI: 10.1158/1078-0432.CCR-22-2444.

GONG W, KUANG M, CHEN H, et al. Single-
sample gene set enrichment analysis reveals the clinical
implications of immune-related genes in ovarian cancer[J].
Front Mol Biosci, 2024, 11: 1426274. DOI: 10.3389/
fmolb.2024.1426274.

MCCAW T R, GOEL N, BROOKE D J, et al. Class 1
histone deacetylase inhibition promotes CD8 T cell
activation in ovarian cancer[J]. Cancer Med, 2021,
10(2): 709-717. DOL: 10.1002/cam4.3337.

LUO Y, XIA'Y, LIU D, et al. Neoadjuvant PARPi or
chemotherapy in ovarian cancer informs targeting
effector Treg cells for homologous-recombination-
deficient tumors[J]. Cell, 2024, 187(18): 4905-4925.
e24. DOI: 10.1016/j.cell.2024.06.013.

FNAE, ST, KimE, F. BNBLUE A SR I Th/

Th2 & Treg/Th17 4iM-F 5 C 5& [J]. MrERFK
2% 4%,2017,37(8):1066-1070. DOI: 10.3969/
j.issn.1673-4254.2017.08.11.

PRESTON C C, MAURER M J, OBERG A L, et al. The
ratios of CD8" T cells to CD4"CD25" FOXP3" and
FOXP3 T cells correlate with poor clinical outcome
in human serous ovarian cancer[J]. PLoS One, 2013,
8(11): e80063. DOLI: 10.1371/journal.pone.0080063.
SHANG B, LIU Y, JIANG S J, et al. Prognostic value of
tumor-infiltrating FoxP3 " regulatory T cells in cancers:
a systematic review and meta-analysis[J]. Sci Rep,
2015, 5: 15179. DOI: 10.1038/srep15179.

XI/NE, i, F AR 55 Foxp3 MY PET 41
RARFFPEFE T 5208 | AE b Bz 1 BF 5598 4 2 i 3
K Rl R B SCLT ). e E BRI R 44,2018,

[19]

[20]

[21]

[22]

(23]

(24]

[25]

41( 6 ):532-536. DOI: 10.3760/cma.j.issn.1673-4904.
2018.06.013.

DI J, MASSUGER L F A G, DUIVEMAN-DE BOER T,
et al. Functional OCT4-specific CD4" and CD8" T
cells in healthy controls and ovarian cancer patients[] 1.
Oncoimmunology, 2013, 2(5): e24271. DOI: 10.4161/
onci.24271.

THEDREZ A, LAVOUE V, DESSARTHE B, et al.
A quantitative deficiency in peripheral blood Vy9V§2
cells is a negative prognostic biomarker in ovarian
cancer patients[J]. PLoS One, 2013, 8(5): €63322. DOI:
10.1371/journal.pone.0063322.

TAKAYA H, NAKAI H, TAKAMATSU S, et al.
Homologous recombination deficiency status-based
classification of high-grade serous ovarian carcinomalJ].
Sci Rep, 2020, 10: 2757. DOI: 10.1038/s41598-020-
59671-3.

SINGER C F, HUDELIST G, WALTER 1, et al. Tissue
array-based expression of transglutaminase-2 in human
breast and ovarian cancer[J]. Clin Exp Metastasis, 2006,
23(1): 33-39. DOI: 10.1007/s10585-006-9015-0.
SZULC-KIELBIK I, KIELBIK M, NOWAK M,
et al. The implication of IL-6 in the invasiveness and
chemoresistance of ovarian cancer cells. Systematic
review of its potential role as a biomarker in ovarian
cancer patients[J]. Biochim Biophys Acta Rev
Cancer, 2021, 1876(2): 188639. DOI: 10.1016/
j-bbcan.2021.188639.

MUSTEA A, KONSGEN D, BRAICU E I, et al.
Expression of IL-10 in patients with ovarian carcinomalJ].
Anticancer Res, 2006, 26(2C): 1715-1718.

ZHU X L, WANG H J, WANG X R, et al. IL-6 secretion
of CD4" T cells stimulated by LC3-positive extracellular
vesicles in human epithelial ovarian cancer[J]. Clin
Transl Oncol, 2022, 24(11): 2222-2230. DOI: 10.1007/
$12094-022-02883-y.

[(AXHmE] HWL



